This paper presents a comparative investigation on the load capacity of octagonal concrete filled steel tubes (CFST) with that of the commonly used circular and square CFST. Existing experimental data of octagonal CFST were collected and based on the crosssectional properties of the existing octagonal specimens, the corresponding circular and square cross-section were generated under three different control parameters: total crosssectional area of column, confinement ratio and axial stiffness. Those circular and square cross-sections were used in the numerical analysis of CFST to obtain the load capacity for the comparative investigation. Validated finite element models were built for the modeling of the circular and square CFST. The outcome of comparison shows that the confinement ratio is the crucial parameter to the difference of axial behaviour between octagonal and circular CFST. Under the same confinement ratio, octagonal CFST has a very close axial bearing performance to that in circular CFST and are much better than the square CFST.
Introduction
Concrete filled steel tube (CFST) have shown its superiority against axial compressive load. The strength of concrete can be enhanced by the confinement from steel tube and the concrete core could delay the appearance of local buckling of steel tube. Many studies [1] [2] [3] have indicated that the confinement in CFST is related to the following parameters: confinement ratio, concrete grade and cross-section shapes. Among them, cross-section shapes of CFST have a great impact on the confinement effectiveness where the commonly used circular section has higher benefits from confinement for the compressive resistance of CFST than its counterparts rectangular CFST. The poor axial bearing performance of rectangular CFST is caused by the sharp corner which lead to a stress concentration at corner region while the confinement in flat side are insufficient. However, the flat side of rectangular CFST can provide an easier solution for the beam-column connection with an endplate. To achieve both the structural efficiency and constructability of CFST, octagonal section is suggested which has a better confinement effectiveness and flat column sides [2, 4] . Experimental investigations have been done on the octagonal CFST to explore the potentials in the effect of confinement [2, 5, 6] . However, the existing literature only presented a general comparison between circular, octagonal and square CFST, no investigations have presented a consistent comparison with control parameters from the cross-section properties to show the actual difference of load bearing capacity in those three different cross-sections.
In this paper, a comparative investigation on the load capacity of octagonal, circular and square CFST were conducted. The data of load capacity of octagonal CFST were collected from the existing experimental results while the data of corresponding circular and square CFST in the comparison were generated by a validated finite element models. This investigation devotes to establish a complete understanding on the difference in the load capacity of octagonal CFST compared with those CFST with commonly used cross-section shapes.
Existing experimental data
Existing experimental results on octagonal CFST have been collected and shown in Table 1 . The collected results have the concrete cylinder strength f co ranges from 32 MPa to 100 MPa, which covers both normal strength concrete and high strength concrete. However the steel material only covers mild steel with yield stress f y from 296 to 311 MPa as no experimental studies have conducted on the octagonal CFST with high strength steel. The width to thickness ratio b/t ranges from 21 to 52 which are within the suggested limit in Eurocode 4 [7] to resist the local buckling of the steel tubes before yielding of material. Confinement ratio ξ is defined as:
where A s and A c are the cross-sectional area of steel tube and concrete core respectively. 
Comparative investigation
The change of the cross-section shapes changes many other parameters such as crosssectional area, confinement ratio and crosssectional stiffness. To present a consistent comparative investigation on the load capacity from octagonal, circular and square CFST in engineering and practical perspective control parameters should be defined. Three groups of comparison with different control parameters which may be considered in practical application were presented. In the comparisons, data of the octagonal CFST were collected from the existing literature which is illustrated in Table 2 and based on the geometrical properties of the octagonal specimens, the corresponding circular and square cross-section were generated. Finite element models of circular and square CFST with specified sectional dimension were established for the comparison.
Comparison 1:
In this group, the control parameter is confinement ratio ξ which also can reflect the steel contribution in the composite cross-section. This group of comparison is to examine the confinement effectiveness of each section under the same confinement ratio. It was found that under the same material contribution ratio the cross-sectional area of each section is different.
Comparison 2:
In this group, the cross-sectional area was selected as the control parameter. It should be noted that the different confinement ratio was found in this group of comparison. With the same cross-sectional area, the square section gives the highest confinement ratio then follows by the octagonal section and the circular crosssection shows the lowest ratio.
Comparison 3:
In this approach, the control value is the axial stiffness, (EA) sc , of the cross-section.
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This approach is for those design applications where the stiffness of the column is required. 
Finite element analysis

Model description
A finite element (FE) analysis was conducted with the use of the commercial software package ABAQUS. A simple stress-strain model of steel material, which will be introduced in the following sections, was used to determine the properties of steel tube. Four-node shell element with reduced integration, S4R was used in the analysis. Ellobody and Young [9] and Thai et al. [10] have successfully adopted this type of element in FE model circular and square CFST under axial compression. Eight-node solid element, C3D8R, in ABAQUS was adopted for the concrete [8] . The boundary condition at the bottom surface of the model was constrained in all degrees of freedom to replicate fix-fix end. The top surface of the column including both steel tube and concrete core were coupled to a reference point, which was also constrained in all degree of freedom except loading direction. Load was applied to the reference point by imposing an axial displacement. Mesh convergence study was conducted to determine the appropriate mesh configuration. The surfaceto-surface contact with a friction coefficient µ=0.3 [6] was used between the inner surface of steel tube and concrete surface.
Steel material
A simple bilinear stress-strain model instead of the elastic, perfectly plastic material model was used in the finite element modeling to reflect the strain hardening of the material. The stressstrain relationship is shown as follows:
where σ s and ε s are, respectively, the stress and strain of steel tube. True stress and the plastic strain were generated from the engineering stress-strain relationship and were used in the finite element modeling. 
where σ s,t is the true stress of steel material and ε p is the plastic strain. The option *PLASTIC model provided by ABAQUS was adopted to model the plastic behaviour of steel.
Concrete material
The adopted concrete constitutive model for CFST was firstly proposed by Han et al. [11] and then further introduced in Han et al. [8] . It was indicated that this model covers the confined concrete in circular and rectangular CFST with a confinement ratio, ξ from 0.2 to 5 and concrete cylinder strength ranges from 24 to 100 MPa. The stress-strain model is shown as follows: 
where σ c and ε c are the stress and strain of concrete core, respectively. The Concrete Damaged Plasticity Model (CDPM) provided by ABAQUS was used to model the behaviour of confined concrete. The flow potential eccentricity, viscosity, the strength ratio of concrete between biaxial compression and uniaxial compression, f bo /f co , are shown as:
Flow potential eccentricity=0.1; Viscosity=0;
The ratio of the second stress invariant on the tensile meridian to that on the compressive meridian K, and dilation angle ψ are adopted from the equation in Tao 
Validation
Experimental results from Han et al. [8] were used for the validation of the current finite element analysis. The validation results are shown in Table 3 . It could be found that the finite element analysis can well captured the load capacity of the circular and square CFST. Fig. 1 shows the failure modes of the validated FE models. 
Result of comparative investigation
The introduced finite element modeling technique was adopted to establish 60 finite element models of CFST with the circular and square cross-section as specified in the three comparison groups. The modeling results were compared with the experimental data of octagonal CFST. As the cross-sectional area may affect the magnitude of load bearing capacity, the overall stress of the composite section f sc was used in the comparison. (12) where N sc is the load capacity of the crosssection. In addition, the overall stress of octagonal CFST collected from experimental investigation was defined as a reference value. The corresponding numerical results from circular and square CFST were normalized base on the reference.
Comparison 1
In this group, the control parameter was confinement ratio. Table 4 shows the results where f sc,o , f sc,c and f sc,s are the overall stress of octagonal, circular and square CFST. Consistent results show that with the same confinement ratio or level of steel contribution, the axial bearing performance of octagonal CFST and circular CFST are almost identical and both better than that in square CFST. It is because the poor confinement effectiveness significantly decreases the enhancement in load capacity of the square CFST. The difference is up to 20%. 
Comparison 2
In this group, the control parameter was cross-sectional area. Table 5 shows the results of comparison between CFSTs with same crosssectional area. It could be found that with the same cross-sectional area the axial bearing performance of square CFST is lower than that from octagonal CFST and circular CFST even with a larger confinement ratio. The difference in the performance of circular and octagonal CFST depends on the changes of the confinement ratio. Fig. 2 illustrate the relationship of confinement ratio and the normalized axial stress of the circular and octagonal CFST. As the confinement ratio in octagonal CFST increased, the difference in the axial bearing capacity become significant compared with that in circular CFST. It should be noted that at low level of confinement ratio, the axial performance of octagonal CFST is even better than that in circular CFST with same cross-sectional area. Table 5 . Comparison between CFSTs with same material contribution ratio. 
Specimen
OctCFST
Comparison 3
In this group, the control parameter is axial stiffness. Table 6 shows the results of comparison, which show very similar observation with that in comparison 2. The confinement ratio is the crucial factor to the difference of performance between octagonal and circular CFST. To keep a same axial stiffness of the column, the square section may need a larger confinement ratio, but the axial bearing performance is still not as good as that in octagonal and circular CFST. 
Specimen
OctCFST
Conclusion
This paper presented comparative investigations on the axial bearing capacity of octagonal, circular and square CFSTs. The existing experimental data of load capacity in octagonal CFSTs were collected and based on the geometrical properties of the octagonal specimens corresponding circular and square cross-sections were generated under three control parameters, confinement ratio, crosssectional area and section axial stiffness. With those circular and square cross-sections, finite element models were established to provide the numerical solution of the load capacity for the three groups of comparisons. The results of the investigations show conclusions as follows:
1. With the same confinement ratio, the axial bearing capacity of octagonal and circular CFST are very similar and both have a better performance than square CFST, the enhancement is up to 20%.
2. With the same cross-sectional area or axial stiffness, the difference of axial bearing performance in octagonal and circular CFST is related to the confinement ratio. With a higher level of confinement ratio, the performance of circular CFST are better than octagonal CFST. The square CFST has a very poor axial bearing performance compared with that in octagonal and circular CFST. 
